The aim of the paper is to give an effective formula for the calculation of the probability that a random subset of an affine geometry AG(r − 1, q) has rank r. Tables for the probabilities are given for small ranks. The expected time to the first moment at which a random subset of an affine geometry achieves the rank r is derived.
Introduction
Random subsets of finite projective geometries are most interested and extensively investigated objects from the wide class of random matroids. Already several papers have been published in this area. On the other hand, random subsets of finite affine geometries -very similar to projective geometries -have only a few references. Voigt [7] considers mainly the case in which the rank of the geometry tends to infinity. In this paper we are concerned with the finite case, i.e., when the rank is fixed.
The main aim of this paper is to provide a formula, which enables a simple calculation of the probability that a random subset of an affine finite geometry AG(r − 1, q) of rank r has the same rank. To derive this formula we use a more general result published in [3] and [4] . To make the paper selfcontained in Section 2 we give some indispensible tools from those papers. Next, in Section 3 we derive the result stated in Theorem 1. This result is the basis of calculating these probabilities, using routines written in Turbo Pascal and Mathematica. The probabilities are given in tables 1 -8. In Section 4 we consider a hitting time, a moment at which the random subset has the same rank as the geometry.
Preliminaries
One can find the following basic definitions from the theory of matroids in the books of Oxley [6] and Welsh [8] .
Let M = (E, F) be a matroid of flats on the ground set E. The rank of A is denoted by ρ(A) and the span of A is denoted by σ(A). Suppose A, B and C are flats.
Let Λ be a measure on E, λ e = Λ(E) and
We define the continuous random-M -process {ω(M, Λ, t), t ∈ [0, ∞)} as the process which starts from the empty set at t = 0 such element e arises before t with probability 1 − e −λ e t independently of each other elements. The set of elements arising before the moment t, forms the random set R. If t is fixed then ω(M, Λ, t) is a random matroid ω(M ) with p e = 1 − e −λ e t for all e ∈ E, (see Kordecki [3] ). Let us consider a random process ω(M, Λ, t) with values in the family of flats F. The process ω(M, Λ, t) will be in state A ∈ F if σ(R) = A. Assume that our process starts at the moment t = 0 from the state ∅. Therefore, ω(M, Λ, t) is a Markov process. The transitional rates are given by
where A, B ∈ F and A = B. Let µ A = Λ (E \ A). Let P A (t) denote the probability that ω(M, Λ, t) is in state A at time t. Then Kolmogorov's equations are of the form
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if B = ∅ and B = E, and
From the last equation and the initial condition we have
In [5] the following lemma was proved, (see [3] for simplified proof).
Rank of Random Subsets
Let GF (q) be a Galois field, where q is a prime power and let V (r, q) be an r-dimensional vector space on GF (q). Let L be the lattice of subspaces of V . Atoms of L are points and 2-dimensional subspaces, (2-flats) are lines in a projective geometry P G(r−1, q) of dimension r−1. Projective geometries can be defined in an axiomatic way (see [8] , p. 193), but every (finite) projective geometry of dimension n > 2 is isomorphic to the geometry defined above. A hyperplane of P G(r − 1, q) is subspace of rank r − 1. The affine geometry AG(r − 1, q) is obtained from P G(r − 1, q) by deleting from the latter all the points contained in fixed hyperplane. One can find concise, but detailed information about affine geometries in the chapter Classical Geometries in [1] , written by Beutelspacher, p. 694.
Let q = 1, k be natural numbers and n ≥ 0. Define some q-analogs in the following way, where q is assumed to be fixed: q-numbers
and q-factorials
Gaussian coefficients are defined as follows:
It is well-known that P G(r − 1, q) has [r] elements and has r k rank-k subspaces. Similarly, AG(r − 1, q) has q r−1 elements and q r−k r−1 k−1 rank-k subspaces.
Let P (r) denote the probability that the random subset of AG(r − 1, q) has rank r. First we derive the recurrence formula P (r) . Assuming P (0) = 1 and using the easily obtained formula
we have The process ω(M, Λ, t) is now denoted by ω(t) and ω(M, λ, t) by ω(t).
Theorem 1.
Let P (r, t) be the probability that the rank of the random subset of M r is equal to r, where p = 1 − e −t . Then
P roof. Let us consider the process ω r (t) defined as ω (M r , t). Denote
Using Lemma 1, and denoting m i = µ(A), where ρ(A) = i, we have
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Hence
For l(r, j) defined by (7), we have two separate cases.
Therefore we have obtained the assertion for AG(r − 1, q − 1, q).
If r = 3 (the affine plane), we obtain for q = 2
and for q = 3 Tables 1 to 5 give values of P E (t) for q = 2, q = 3, q = 4 and q = 5, r = 2, 3, . . . , 6 and t = 0.1, . . . , t = 0.5. Tables 6 to 8 give values of P E (t) for q = 7, q = 8 and q = 9, r = 2, 3, . . . , 4 and t = 0.01, . . . , t = 0.05 Table 6 . 
Hitting Time
Let τ denotes the hitting time, i.e., the first moment at which ρ(ω(t)) = r. Therefore τ = min{t : ρ(ω(t) = r} and Pr(τ < t) = P (r, t) .
The considerations below are based on similar ones, given in Kordecki [2] for the case of P G(r − 1, q), (see also [3] ). The Laplace transform of τ is of the form
Formula (2) is of the form
where q r−1 [r − 1] is the number of hyperplanes, q r−2 (q − 1) is the number of elements outside some fixed hyperplane and P (r − 1, t)e −t(q−1)q r−2 is the probability that ρ(H) = r − 1 for some fixed hyperplane.
Lemma 2. For r ≥ 1 we have
P roof. Taking the Laplace transforms of both sides of equation 8 we obtain
If r = 1, then P (r, s) = 1/ (1 + s) and (9) is satisfied. If r ≥ 2, we assume that (9) is true for some r and prove (9) for r + 1, which is an easy task and we obtain the assertion.
Now we give the formulae for Eτ and D 2 τ .
Theorem 2.
(11) P roof. Using Lemma 2 we calculate the two first derivatives of P (r, s). 
Substituting s = 0 into (12) we obtain (10). In a similar manner we can calculate the second derivative of P (r, s) and (11). Then we obtain the assertion.
The following theorem states the asymptotic behaviour of Eτ (r) and D 2 τ (r) where p and q are fixed but r → ∞. then from (10) we obtain Formula (13). In the same manner, from (11) we obtain (14).
